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In the strongly Coulomb coupled states in-
cluding gas plasma and liquid ionic solution, 
a macroion can attract large number of oppo-
sitely charged counterions so that the charge 
sign of the macroion complex becomes inverted 
[1]. For this" charge inversion" (over-screening) 
phenomenon to take place, two conditions need 
to be satisfied: 
e2 /EakB T> 1, Z ~ 2. (1) 
The first condition tells that the attracting 
(Coulomb) force must exceed diffusive ther-
mal motion. The second condition arises from 
that the counterion charges that adsorb on the 
macroion should not be neutralized by associ-
ated coions, where Z is the valence of the coun-
terions and the coions are assumed to be mono-
valent. 
In the year 2000, we studied the static dis-
tribution of the inverted charge around the 
macroion [2]. However, it was not proved how 
many ions are firmly condensed on the macroion 
if the macroion is moving in the viscous solvent. 
Thus, we have performed molecular dynam-
ics simulations to study the effect of an exter-
nal electric field on a macroion in the solution 
of multivalent Z : 1 salt [3]. To obtain plausi-
ble hydrodynamics of the medium, we explicitly 
have made the simulation of many neutral par-
ticles along with ions. 
In a weak electric field, the macroion drifts 
together with the strongly adsorbed multivalent 
counterions along the electric field, in the direc-
tion proving inversion of the charge sign. Figure 
1 shows the macroion and adsorbed counterions 
and coions. Corresponding to charge inversion, 
we have more number of counterions on the very 
surface of the macroion. 
As shown in Fig.2, the reversed mobility of 
the macroion J-L = Vdrijt/ E is insensitive to the 
external field E, where Vdrijt is the drift speed 
of the macroion along the electric field. The mo-
bility increases with salt ionic strength. The re-
versed mobility takes a maximal value at inter-
mediate counterion valence. 
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We have confirmed that the motion of the 
macroion complex does not induce any flow of 
the neutral solvent away from the macroion, 
which reveals screening of hydrodynamic inter-
actions at short distances in electrolyte solutions 
[3]. Fig.2 shows that a very large electric field, 
comparable to the macroion unscreened field, 
(2) 
disrupts charge inversion by stripping the ad-
sorbed counterions off the macroion. 
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Fig.1 Charge inverted macroion complex and 
adsorbed counterions and coions. All ions, 
except neutral particles, are shown in (a). 
0.12 
0.10 
0.08 
~ 0.06 
-.... 0.04 ..... 
~ 
.~ 0.02 {; ~ 0.00 
-0.02 
-0.04 
-0.06 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 
Fig.2 Dependence of the drift speed of the 
macroion against the applied electric field. 
